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ABSTRACT 

The space radiation levels experienced by an 
earth-orbiting astronomical observatory were calculated 
for two near-earth-orbits and an earth-synchronous orbit. 
Comparison of the obtained radiation levels with the 
experimentally determined radiation tolerance levels of 
typical photographic films showed that the fast films 
used in stellar and galactic astronomy are especially 
sensitive to fogging from space radiation. It was 
concluded that a modest shielding requirement in 
conjunction with expected developments in radiation 
resistant films offers a more practical and economical 
solution to the film fogging problem than frequent film 
replacement. 
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MEMORANDUM FOR FILE 

Many experiments on board earth orbiting space 
stations will use photographic film to register data. It 
is well-known that high energy radiation in sufficient 
doses has a deleterious effect upon the quality of 
photographic images. The purpose of this memorandum is t o  
investigate the magnitude of this problem for a typical 
earth-orbiting astronomical observatory in order to 
establish the general character of shielding and/or logistics 
requirements for keeping available sufficient quantities of 
high quality film. 

SPACE RADIATION LEVELS 

In Figures 1, 2, and 3, the approximate radiation 
levels (rads tissue) to be expected during a one-year mission 
in the 1970's for circular 259 nm (30", 90" inelinatton) 
orbits and an earth-synchronous ( 3 0 "  inclination) orbit are 
shown as a function of shipid chickness. The electron 
(projected 1968) and proton integrated orbital trace data 
was taken from Vettel, the solar flare dose was based upon 
the occurrence of major events of the July 1959 type (time 
of solar maximum), and the galactic cosmic ray dose was 
obtained from Hilberg2 for a time of solar minimum. 
Interesting characteristics of these orbits are (1) the 
magnetic field of the earth serves as an effective shield 
from solar and galactic cosmic rays at low orbital altitudes 
and inclinations, (2) trapped Van Allen protons are the main 
problem at low altitudes while electrons and cosmic rays are 
the main problem at synchronous altitudes, ( 3 )  decreasing 
the inclination angle for the 250 nm orbit to ioo reduces 
radiation levels almost two orders of magnitude because of 
the avoidance of the "South Atlantic Anomaly'' (point of 
closest approach of the Van Allen belts to the earth's 
surface), (4) decreasing orbital altitude to 150 nm ?educes 
radiation levels almost one order of magnitude, (5) dose 
rates encountered while passing through the Van Allen belts 
to synchronous orbit depends on the trajectory chosen-- 
acceptable translunar trajectories can, for example, vary from 
a few millirads to a few rads accumulated dose depending on 
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2 on t h e  i n s e r t i o n  pa rame te r s  , ( 6 )  dose  r a t e s  a r e  
s u f f i c i e n t l y  g r e a t  s o  as  t o  endanger  man as w e l l  as f i l m .  

P H O T O G R A P H I C  FILM FOGGING 

The p r i n c i p a l  use of  p h o t o g r a p h i c  f i l m  aboa rd  t h e  
s p a c e  s t a t i o n  would b e  f o r  p u r p o s e s  o f  pho tograph ing  d i s t a n t  
s ta rs  and g a l a x i e s  which cannot  be  r e s o l v e d  from t e r r e s t i a l  
o b s e r v a t o r i e s  because  o f  t h e  e a r t h ' s  i n t e r v e n i n g  a tmosphe re .  
I n  such  c a s e s ,  one i s  g e n e r a l l y  l o o k i n g  f o r  images on t h e  
ve ry  edge of  d e t e c t a b i l i t y  on t h e  p h o t o g r a p h i c  f i l m .  Other  
p o s s i b l e  u s e s  f o r  f i l m  a r e  wide  and narrow band s p e c t r o g r a p h y  
and h i g h  r e s o l u t i o n  photographs  of  p l a n e t s .  

Fogging and g r a n u l a r i t y  are  t h e  two e f f e c t s  t h a t  
r a d i a t i o n  can  have upon t h e  f i l m .  A c h a r a c t e r i s t i c  o f  any 
f i l m  i s  a d e n s i t y  ( d a r k e n i n g  o f  t h e  f i l m )  v e r s u s  exposure  
( l i g h t  i n t e n s i t y  X t i m e )  cu rve  (H-D c u r v e ) .  An H-D c u r v e  
f o r  a t y p i c a l  " fas t"  f i l m  t h a t  might b e  used on such  a 
m i s s i o n  i s  shown i n  F i g u r e  4 .  I t  i s  s e e n  t h a t  (1) t h e  f i l m  
has a n a t u r a l  background ( low e x p o s u r e )  f o g g i n g  l e v e l  o f  
a b o u t  0 . 1  and ( 2 )  t h e  c e n t r a l  p o r t i o n  o f  t h e  c u r v e  i s  b e s t  
for photography because  i t  o f f e r s  t h e  g r e a t e s t  d e n s i t y  
change f o r  a g i v e n  exposure .  A "slow" f i l m ,  c h a r a c t e r i z e d  
by s m a l l e r  g r a i n  s i z e  and consequent  h i g h e r  r e s o l u t i o n  t h a n  
f a s t  f i l m ,  has i t s  H-D curve  s h i f t e d  t o  t h e  r i g h t  by t h r e e  
or f o u r  o r d e r s  o f  magni tude.  Consequen t ly ,  fas t  f i l m s  a r e  
g e n e r a l l y  used  i n  astronomy t o  r e c o r d  d i m  images wi thou t  
commit t ing  t h e  camera to l ong  exposure  t i m e s .  If t h e  
l i g h t i n g  i s  b r i g h t  enough such  as on t h e  moon or a p l a n e t ,  
s low f i l m  can  b e  used (Lunar O r b i t e r ,  ATM). 

The e f f e c t  o f  r a d i a t i o n  f i l m  f o g g i n g  i s  e s s e n t i a l l y  
t o  r a i s e  t h e  n a t u r a l  background l e v e l  on t h e  f i l m ,  t h e r e b y  
d e c r e a s i n g  t h e  a v a i l a b l e  exposure  w i t h  which t o  o b t a i n  
s u f f i c i e n t  c o n t r a s t  w i t h  r e s p e c t  t o  t h e  background.  The 
s l o p e  o f  t h e  H-D c u r v e  i s  a l so  d e c r e a s e d .  These e f f e c t s  
a r e  shown q u a l i t a t i v e l y  i n  F i g u r e  4 .  The e f f e c t  o f  
r a d i a t i o n  on g r a n u l a r i t y  i s  t o  i n c r e a s e  g r a i n  s i z e  t h e r e b y  
d e c r e a s i n g  r e s o l u t i o n .  C a r e f u l  f i l m  p r o c e s s i n g  can  some 
t i m e s  l e s s e n  t h e  e f f e c t  of f i l m  f o g g i n g ,  e s p e c i a l l y  i f  i t  i s  
un i fo rm.  

Very r e c e n t  d a t a  f o r  t h e  e f f e c t  o f  h i g h  ene rgy  
p r o t o n  bombardment3 on t y p i c a l  p h o t o g r a p h i c  f i l m s  i s  
i l l u s t r a t e d  i n  T a b l e  1. Slow f i l m s  a r e  s e e n  t o  be g e n e r a l l y  
t h e  most r a d i a t i o n  r e s i s t a n t .  
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The r a d i a t i o n  l e v e l s  i n  t h i s  e x p e r i m e n t  were measured i n  r a d s  
a i r - - a n  e q u a l  dose  i'n r a d s  t i s s u e  r e q u i r e s  a n  i n c i d e n t  
p r o t o n  f l u x  a b o u t  1 2 %  h i g h e r  i n  a i r  t h a n  i n  t i s s u e .  .The 
r a n g e  o f  50, 9 0 ,  and 130 Mev p r o t o n s  i n  aluminum i s  2 . 9 ,  
8 . 3 ,  and  1 5 . 8  gr/crn2, r e s p e c t i v e l y .  

Comparison o f  Tab le  1 w i t h  F i g u r e s  1-3 show t h a t  
f i l m  f o g g i n g  w i l l  c e r t a i n l y  be  a problem--even f o r  a 250  nm, 

30' i n c l i n a t i o n  o r b i t  w i t h  1 0  gr/cm*-A1 s h i e l d i n g  
( r e p r e s e n t a t i v e  f i l m  l o c a t i o n  i n  A T M ) ,  some o f  t h e  more 
s e n s i t i v e  f i l m s  may o n l y  have a s h e l f  l i f e  o f  30 d a y s ,  
whereas  s l o w e r  f i l m s  may b e  good f o r  up t o  one year .  I n  
synchronous  o r b i t ,  s p a c e  r a d i a t i o n  l e v e l s  a re  a b o u t  4 0 %  
h i g h e r .  It  i s  a v e r y  s u b j e c t i v e  d e t e r m i n a t i o n ,  o f  c o u r s e ,  
on how much background f o g g i n g  d e n s i t y  can  be t o l e r a t e d - -  
GSFC h a s  s p e c i f i e d  t h a t  0 . 2  f o g g i n g  d e n s i t y  i s  t h e  maximum 
t h a t  c a n  be  t o l e r a t e d  i n  f i l m  t y p e  103-0 f o r  t h e  ATM 

program . Lockheed h a s  i n d i c a t e d  t h a t  0 . 6  f o g g i n g  d e n s i t y  
c a n  be  t o l e r a t e d  i n  some f i l m s  w i t h  p r o p e r  f i l m  p r o c e s s i n g  
p r o c e d u r e s  . It s h o u l d  b e  p o i n t e d  o u t  t h a t  i f  one knew 
b e f o r e h a n d  t h e  amount of f o g g i n g ,  b e t t e r  u t i l i z a t i o n  o f  t h e  
y e t  unused  f i l m  might  r e s u l t .  

4 

5 

POSSIBLE SOLUTIONS 

P o s s i b l e  s o l u t i o n s  t o  t h e  f i l m  f o g g i n g  problem 
a re  : 

1. Heavy s h i e l d i n g  

2 .  O r b i t a l  f i l m  r e s u p p l y  

3 .  A l t e r n a t i v e s  to f i l m  

4 .  Development of  r a - d i a t i n n  r e s i s t a n t  f i l m s  

5 .  Improved f i l m  p r o c e s s i n g  or f i l m  s t o r a g e  t e c h n i q u e s  

S e r i o u s  c o n s i d e r a t i o n  shou ld  be  g i v e n  t o  d e v e l o p i n g  t h e  f i l m  
on-board t h e  s p a c e c r a f t  because  p r o c e s s e d  f i l m  e x h i b i t s  
l i t t l e  or no s e n s i t i v i t y  t o  r a d i a t i o n .  

S i n c e  t h e  e x p e c t e d  f i l m  consumpt ion  r a t e  o f  an  
o r b i t i n g  o b s e r v a t o r y  i s  on t h e  o r d e r  o f  a few hundred  pounds 
a y e a r ,  u s e  of a c o f f i n  t o  p r o t e c t  t h e  f i l m  might  n o t  be  
u n r e a s o n a b l e  i n  c o n j u n c t i o n  w i t h  f i l m  r e s u p p l y  once  or t w i c e  
p e r  y e a r .  
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Because o f  t h e  p e n e t r a t i n g  n a t u r e  o f  h i g h  energy  p r o t o n s ,  
however,  ve ry  l a r g e  s h i e l d i n g  t h i c k n e s s e s  a r e  needed to 
make major  changes i n  t h e  p r o t o n  d o s e  - s e e  F i g u r e s  1-3.  
Even i f  t h e  t r a p p e d  Van A l l e n  p r o t o n s  cou ld  be p r e v e n t e d  
from r e a c h i n g  t h e  f i l m ,  g a l a c t i c  cosmic r a y  p r o t o n s  g i v e  

a 1 - 1 0  rads/year  dose  r a t e  t h rough  1 0 0  gr/cm2-A1 s h i e l d s  
depend ing  on t h e  o r b i t  chosen .  C a l c u l a t i o n  o f  p r o t o n  dose  
r a t e s  beh ind  ve ry  t h i c k  s h i e l d s  i s  compl i ca t ed  b y  (1) l a c k  
o f  Van A l l e n  p r o t o n  spec t rum data  f o r  e n e r g i e s  g r e a t e r  
t h a n  300 Mev ( p r o t o n  range  i s  65  gr/cm2-Al) and ( 2 )  p r o d u c t i o n  
o f  s econdary  p a r t i c l e s  which can  c o n t r i b u t e  to t h e  pr imary  
p r o t o n s  a l a r g e  f r a c t i o n  o f  t h e  t o t a l  d o s e  r a t e  a f t e r  30 

o r  4 0  gr/cm2-Al. A c a l c u l a t i o n  by Douglas i n d i c a t e s  t h e  
f r e e  s p a c e  g a l a c t i c  dose  r a t e  does  no t  d r o p  o f f  t o  one rad/  
y e a r  u n t i l  1 0  gr/cm - A l .  
p r o t o n s  w i t h  e n e r g i e s  g r e a t e r  t h a n  300 Mev i n d i c a t e s  t h a t  
b e h i n d  a 65 gr/cm2-A1 s h i e l d ,  t h e  t r a p p e d  p r o t o n  dose  r a t e  
i s  a t  l eas t  a f e w  r a d s / y e a r  ( n a t u r a l  background r a d i o -  
a c t i v i t y  l e v e l  a t  t h e  e a r t h ' s  s u r f a c e  i s  abou t  0 . 2  rads/  
y e a r ) .  

3 2 V e t t e ' s  model' f o r  Van A l l e n  

T a b l e  1 shows t h a t  many f i l m s  can  t o l e r a t e  on ly  
1-10 rads accumula ted  d o s e .  
i n  t h e  shape  o f  a s p h e r e ,  a 163 gr/cm -Pb s h i e l d  ( e q u i v a l e n t  
to 1 0 0  gr/cm2-Al) r e s u l t s  i n  a c o f f i n  weight  o f  abou t  6 0 0 0  
pounds and an  i n t e r i o r  dose  r a t e  somewhere on t h e  o r d e r  o f  
a f e w  r a d s / y e a r .  Due to t h e  p r e v i o u s l y  mentioned problems 
a s s o c i a t e d  w i t h  such  a c a l c u l a t i o n ,  t h e  r e s u l t  shou ld  b e  
viewed w i t h  g r e a t  c a u t i o n .  The c a l c u l a t i o n  does  i n d i c a t e  
t h a t  a l t h o u g h  s h i e l d  w e i g h t s  a r e  heavy,  t h e y  a r e  n o t  
u n r e a s o n a b l e  f o r  a l a r g e  payload  c a p a b i l i t y  l a u n c h  v e h i c l e .  

Assuming a 4 f t 3  s h i e l d e d  volume 
2 

r"' i n e  l o g i s t i c s  problem and expense  a s s o c i a t e d  W i t h  

an  o r b i t a l  f i l m  r e s u p p l y  v e h i c l e  makes such  a method seem 
h i g h l y  i m p r a c t i c a l  i f  f i l m  rep lacement  i s  r e q u i r e d  too 
f r e q u e n t l y .  S i n c e  t h e  f i l m  i n v o l v e s  r e l a t i v e l y  l i t t l e  weight  
p e n a l t y ,  comple te  f i l m  rep lacement  shou ld  most c o n v e n i e n t l y  
b e  programmed t o  co r re spond  t o  crew r o t a t i o n .  

The most r e a s o n a b l e  s o l u t i o n  t o  t h e  f i l m  f o g g i n g  
problem a p p e a r s  t o  l i e  i n  t h e  development of  r a d i a t i o n  
"hardened"  f i l m s  and/or  a l t e r n a t i v e s  t o  f i l m .  C u r r e n t  
e f f o r t s  a t  MSFC ( i n  c o n j u n c t i o n  w i t h  GSFC) seem to have 
deve loped  a UV f i l m  s imilar  t o  103-0  bu t  w i t h  a r a d i a t i o n  
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r e s i s t a n c e  abou t  1 0  t imes g r e a t e r  ( r e s u l t s  s t i l l  somewhat 
c u r s o r y  a t  t h i s  t i m e ) .  F o r  any s p e c i f i c  a p p l i c a t i o n ,  i t  
a p p e a r s  t h a t  f i l m  t e c h n o l o g y  can  p r o b a b l y  be  pushed t o  
o b t a i n  f i l m s  an  o r d e r  of  magni tude o r  s o  more r a d i a t i o n  
r e s i s t a n t  t h a n  t h e  Qnes  now a v a i l a b l e .  The e v e n t u a l  answer 
may a l s o  l i e  i n  e l i m i n a t i n g  f i l m  as much as p o s s i b l e  i n  
f a v o r  o f  h i g h  r e s o l u t i o n  T . V .  

6 

CONCLUSIONS 

1. 

2. 

3. 

4. 

Frequen t  f i l m  r e s u p p l y  by a s p e c i a l  l o g i s t i c s  
v e h i c l e  i s  uneconomical  

S h i e l d  w e i g h t s  f o r  a f i l m  c o f f i n  a re  l a r g e  b u t  
n o t  u n r e a s o n a b l e .  

Improvements i n  f i l m  t e c h n o l o g y  shou ld  c o n s i d e r a b l y  
r e d u c e  t h e  s e n s i t i v i t y  o f  f i l m  t o  r a d i a t i o n .  I n  
combina t ion  w i t h  moderate  s h i e l d i n g  and /o r  
o c c a s i o n a l  r e s u p p l y ,  t h e  f i l m  f o g g i n g  problem can  
p r o b a b l y  be  minimized .  

The f e a s i b i l i t y  of u s i n g  lower  a l t i t u d e  o r b i t s  
s h o u l d  b e  s t u d i e d  b e c a u s e  o f  t h e  lower  d o s e  r a t e s  
e x p e r i e n c e d  by t h e  f i l m s .  
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